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fb#y ^A«±^3i!fe^a-fk^y ^Aasrj5K**^xa 
<b# y * ^ a a # e xa t s 

VciS y ^ AifiSrf^S m* 7Igt, £rffi S r £ 

-ttb^eix ioo~2oo/i m-e* [ 9 , mriE^bitf y ^ 

<9 , fltfE^M^S^^/c^^^ y r> ^StKcoflE* f^#?j 2 

# * £ x k is* 3 (75 fea £ n /t # * «: 6 # 

>> a * # a mm & mutt & k *j ^ -c , 

HUteS * atfcBMblbKtE Jhfc:**b# y $ a $ -ttr 

i fc<om\& y * -a® teffifSL-rz m 2 x& 

(omttf y e> *ji t s-er s * 3 xa t , 

s^tt 2 jjct^btf y r> ^jB^js-rs r. £ 
J; n ffi&<om S co^yu * ¥fi| 3 ^Mt 5»4Ig 

*fb# y ^^^/^ *8*S:fi LtiffiM^t-fb^ 
y !>A*ft*StES:^S*5XSi:, £«x.<S r £ Srfl# 
flfcfci-Sfcfbtf y i?A**fi3feEw»36*fc 

[fit**l 4 ] fltriH i ^cois-fi^j y * -A/i sfriES 

iSr^J'C 1 0 3 0°CCD^ff Jio 6 O^gffTM 0-80 
a/ m coiP £ fc: /S* £ inffim £ ft 5 c £ Sr W» £ 1" 5 ft* 

[ffl»#*5 5 ] frfffiB 4 Xat-*3tt S» 2 I^btf y C 

^JltOfiJcfifi, WIBRJCJPrtX 1 0 3 0°CT^ 3 — 5 0# 
BBfiOMiKj 10 0m m/h r £>ffc6j&*-0, ^ 1 - 

2mm(om 20 v m/h 1- &Tm%-g:M)&x*ftt>fri% 

«k*fl#»i:-rs»*«3 KfE*c;>g<b:tfy ^i.¥MiiS 
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/<yix^ i^^c^rc y ^as^Sr-BOBfi-axSSrS 6 Wi^ 
iSr^«ti-6«t*:*3*c|Ett^S'fb^y 

[it*«7 ] »5xa^*3tt5B(riB^b^y ^-^^^ 

10 [ft*® s ] 14 ign, fltrlE^^r^ Z n . c 

^^Wj^^ffiV^ 8 0 0-90 o°c-eixj£$-itTp 
SXtt*e»ttco^b^ y i> ^ii Srfifc* ^no:t 4:4* 

3 ^E«o5»b^ y i> ATOiss©! 

3^yj^ 0 

9 ] Any >-^firr- b c ^ ^ Srffl t ^/c ^ 

IIn,Gai-,Nj (0^x<X) . nlAl.Gai.. 
fiCOnSG a NJlJit- I no. a G a«. • N»r)x/Vi, 

i no. 05 g ao. a6 Nco^^y ■^Ji^sest^^ScinatJi * ix 

SiXfcp MA 1 s G a i - s Nil, pSG a Nf, plA I 
«Gai ,N (0<_ X> <1) if. ^U^p'MG a NMt, 

mm(DT^RV'fx^(D p iG a N M <v Jz%V> {^ii^blxB 
30 [8**351 0] ^o^v^ffi^tf^^v'jfeSrffli^ 

n : M^b^f y ^ K— ^ Ga,A 

l.-.N (0<.x<.l) Sri*ftS*-CJgfifcL7tna^7 

ni^7y KSJild I n , G a 1 s N (0<_x<_l) ^r)* 
Ttn^^^piiliSch:. SrOBx.S^^SrWa^t-SS'fb 

40 #y v^mw/^x— Ko 

[0001] 

[XM^M-rsfttlf^w] »b^y ^a^m 

^ J: oTHW y ^**t»*il!aS-t?J** S ^^5 

50 i b y v jfj h* (- Hi- a o 



( 3 ) 

3 

[ 0 0 0 2] 

fb#y ^7r-{T (AhOO ist- 

##<ttJB£ih/r^5 0 L^l, S^^/y^A (Ga 

n) ^i^^r^rs^^^lilw^t^fe 1 ?-^^ (i 

3. 8%) Rxmssmmm (25. 5%) ^boasc 

5»Kfi8*Jl^rt|f|5co»fi*:HS^?Bafi io 9 -io" 
(led) Srf^S^«±^c**BnJHtc:fifte>fti/\ Lri> 

(Sic) , xt°^^SiHT(Mt§^ t&T- 

[0003] t7r^f rxtEftfflWictt, S'fb^y 
5^&u- if'MMSI (so $ fj m^te^^T — JR W ft -e & § 

iSHJffi (cleaving method > WiBffi * s »l L < , *6»fctf>1f- 

[0 0 0 4] ^SBajHvfiCSrWSti-Sfcfetsif^ti^y 

2 4 0 CCgUiT?*^ s HHf (Na ) <r>W-W$M&& l 
1 0 0 °ce 1 0 0 to±, 1500 °c-c 10000 ftcjEg 

tt#td^/c^ gE#O»ffi«**ffi-ett«JEC0i!B. 30 
ft¥«^ffi-e±M/^ * £f b;*/ y * A J)C*£ A «:# «b ft* 

[ 0 0 0 5 ] frjg;, I . G z e g o r y I" J . Ph 

y s . C h e m. Solids, 5 6, 6 3 6 ( 1 9 9 

5 ) j td*3ftsiirs:"e 1 3 0 0 — 1 6 0 o c e, 8 — 1 7 

Kb a r COiK?l.SiJSE^ffi"CW^rSjS;fiffi (solution meth 

od )* s K^-p>ix"Cftft>:ft^)*jSo«aff 1 0 o/cm- -c 

Detchprho m#<59 r J . Cry s t a 1 40 
Groth, 123, 384 (1993) J MiBtt £ #X 

-&rfsjfc<!fe#jfc:/h * v ^ (fa 2 . 2 %) z n ol frttfflf/B t 

LTffifflLT, t^i^^n^V-gft^t^^i/ (HV 
P E ) T*S^^f y <> A*»< £ Hi:, Z n O if £ |»5fc 

-f^s^ j: 19 D"7 7 -r rm& t y v a* 

fcofctf*, Z n OJl^b^tefe^y^^^K^H 

/c Q 50 
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[0 0 0 6] T . Okadalli Tj. J . A p p 
lied Physics, 35 (5), 1637, 1 

9 6 6j [z:mm^tix^^mxx\ s^yj^^^ 

T^b^/y !>Alfii^5#fffi (sublimation) Srt*^ 
fc^ M^ftfyx^/j^/c, ^ It, ftifi, iJ- 
^ r >f r KK4ri»*i±-r, 2^yf»t7;^ t*k_l 

^-^e^v'&^-f J: 5 i1-5fsW^s R ■ J. Mo 
I n a r ^<D TMR S Symp. Proc. Vol. 
423, 221, 1966J COjjfcfcfcl«fr * jfrfc ^ t 

It £r«M> £ 5 I* RB IP # & o 7c c 
[0 0 0 7] 

/ ^ ^ b if y A * 4M£ A & * m t: c ^ ^ V 
[0008] fe^HtrogW^ *Sft*HS«* 

[0 0 0 9] 

[ mm & mr&ir ztcbbco #® ] i a ^ g w & mn%-t & fc 
M«*H(fMt5* ust, ^rotfrMn^H/c^{b 

**«_bfcaE'ft:^ y ^ S:j«* S -ii-r-^roff 3 ro l ft 

(Dmitry i?^JiS:jgj«i-ssB2xat, rnfecoa^ 

-W-S^b^ y £ ^Ji SrrfE* * -tirT— £coJ¥ 3 co 2 ftroM 

^b ^/ y ^ a Ji a « 4 xa t . »-fb*siK & wm 

^Mm^±icmik&ti± i &Rv<2 7k^mtrfy $ ^ 
m±kz.ftx*ffij£(nm £ <omt# y ^ s:j«« s -n-ti 
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mm#m(nmb# v v&mm&ftzm? urn t *m *. s 
#y !>A»±:^^t;^y ^A44}jSire«^tt2 

co^/i^ *»**7Bfifc-t-5»4 lit, 

H Xffi * fis £ » 5 Xg t £ 5 r. t Sr W» £ 1" £ 0 

[0011] *3SM^»t^fy ^A*^;^>J— TO, 
/ Ma ^ ^ t c * -Y- ^fe Srffl ^ 7j- ^-xt^^r^/ 

« u/cfi % y = > & k- ^ Lt#fc n ' s^btf y £ 

K^lfcGa.Al.-xN (0<.x_<l) &J$*£-t*:T 

Lfc n 7 y Kit fc > ni^ =, ^ KJ1 Jit- I n, 
Gai-xN (0<.x<.l) MI^tTMLtpf^ 20 

y v ym t . mm^r^Rxip m # ? v Ymnimc* 

fri^Wfm L)t n M&t>* p Mli t % r t S:W 

ffiti" 5 C 

[0 0 12] ^SSWcoW-feU' — F^V;*-— Ktt, ^n^/ 
> mffl ^ t c ^ ^ jfc £r ffl ^ /t sft ^ b c ^ ^ V -^jfcft £ -li- 
fe n ! IG a NSffiJt^^:n-€*n'> U =■ Wj* K— 
-CJT^^tLfcn^G a NI, nIIn,Gai-,Nl (0 
<.x<J_) , nlAl.Gai .Nil, MnlGaNi 
^ J&COilr^OiiStfG a Njf_h(C I no. 2 Gao. s NCO^ 
i/l'i, I no, 05 G a o . ^ N ^jg/j^S^^IilRl 30 

s Ga.- 5 Nl, GaNl, pSAl.Gai-.N (0 

<.x<.l) m, WpSGaNli:, StROTgB&tf* 

[ 0 0 1 3 ] 

^ftiarfiS;* S^t5fc«>^RlK*F lot, E/EJF 1 0 ~. 

IS 1 2 t J: «9 «J* ^tiTv^ a 
[0014] KJS*f l Of*, El 2 tc^i" J; 5 fn, rtftrtS 
tStf 8 0 mm-CfcS^SJCE^ 1 4 ^7k¥*tt- 3 I&ldife 
A>fc'HM!lPl 3, 13' , 13" Sr#-T5o ^F3ER/£* 
1 4 rt^tt, 8 5 0°C^«f^tl^g^(CG a ^S^t" 50 
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&fzLbbCD^$Zy$— h 1 5 /A Jio 1000—115 0°C 

tc:A 1 2 Q 3 ^c^f^M g A 1 3 O, «£<0»<b*KtESrE«* 
l 6^Rtt bntv^5 0 NH 3> N 2 , HC 
1 +N. 3 0 0cc/min N 3 0 0 Occ/min, 3 0 

cc/min+ 3 0 0 cc/miniOffift^jS J; 5 (--e^^EI 

1 t^i"/)?— 1 7 ^U^^ 7P-=iyhP-7l 8 

^fi-2 0. RV<M^<^?"2 1 Sra-C^STS^ft*ix 

So 

[0015] <m 1 COHlfi<0®ffl>^^5HV P Egg 

Sr^T#iS91fiDSS 1 Hffi-^AIcOG a N*Sw»it*iSfe 
SrR§Bi"5o SSiU3 0 0~3 5 0 /zm©f 

$ ^BtftttlStE 3 o (ffiJx.M. ^ tf^yv (M g A 1 2 O 
4 ) ) (B| 3 a *^3SSJ£« 1 4 ft(Ott^ 1 

6 |C*«L, ^T^^- h 1 5 {CfttG a ^rAtb, S^^P 1 
3" *WffiLrElC«rtcoi«ia«*(Z3j@.ftS:l 1 3 0°C 

t Mf ^ 1 7 y-t t^Mli 3 - 2 oft 

mmmmm 3 0 co^Mooiu^ji^-fT 5 0 r ^ 1 1 , s 
ffi&a^M^iia^pfl j; 19 < * 5 1 , tfc»b 

jtf y r> ^ ^ * ® ^ fe L &:^ 3^. f^^^^ ^ ^s^i i ^ ^§ ^fe 
[0016] 7&\,^x\ mk%a£Wl±\zi 0 3 0°C^2R# 

MSfft? 5 0 - 1 0 0 m mCO 1 ^W^ft^f y A 3 1 S: 
^.ft^itS (U3b#JfJ D CC0t#, 10 0/im£Jl± 

0 0 ~ 3 5 0 ju m(^S8ftW3Sffi 3 0 (flKBrf*— «5Bfc*£ 

ixs J: dtcj^ftiyy (Sic) a^ii^t^vK 
JJF**S"CW*L"ClK'fbftKffi^ff & & ioo — 150/i 

mii$J;9^Lfc«, StRfiriffiif'L, 6 0 0-900 
(S3 c#flS) o 

[0 0 17] gfev^-e, 1 KkoiMittfV $ A_hjc 2^c/3^ 

^A^io3o°ct2 a$rfl^rRl^JcS * -ttx ioo 

-2 0 0/i m^lf: S c?^ 2 2fc(OS<fb;tf y ^ Ajf 3 2 ^r^iSc 
i"5 (III 3 d#fl8) o -t<^«, So-Ci^BfE^ftftStES: 

^iXfcfcOSrafe^Lfc^, 6 0 0 — 9 0 0 a Cf7>t-^ 

fig) o 2fc<Dm\tfJV ^^-htCS^CO^b^y 

^ A 3 3 Sr 1 0 3 0 °CT* 2 fl* Bflfifi/sJtft £i£T 10 0- 

2 0 0 // mC0J¥* (^fiKJt-f-S «£ 5 (El 3 f # 
BB) o 

[0018] zkv^-e, ceo j: 5 LTjS;:K£ixfc$J 3 o 

0 — 5 0 0 /i mCOff* (DMittf y r > 
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gfiOO. 0 5 vmSlT<0-9-7r<<T (AhOO fe v ^£ 
£>J?££r2 5 0 — 3 5 0 /imMt LfcgflStfy 

affiMsai-sassrBJiT^i-o »Jfl=£;frfc*fb#y * 
a*Scot^ 19 iMbW£«±a>e>jSfi £ tir]\m 

* in, ^ co«oDl*^fiS;ft Lt»|f)i £ -frfr £ 

(island) ^frCDfe*^ LTteiffilM s »J*«**x5 0 r 

Sffi^Si/ * t-** § *£ Att If Sr-a trt If * ttfificoaSA 
tfSfifc**^ ^^tragiia bTXjjft|sll!fjfto^«:iH^*:# 

5*^Mtf s **:h/r^5»b;tf y ^ific/)T^§^ 20 

XcOteffl X10 n cm 3 0OnliWy 

«Sr#5 c <t^-e#6 D 

[0020] <i2 ^^js^tg>^ 1 m&ifm~etem 

lX10'"cm' 3 « n Se^-ttS^ Lri># & V \ % 

2 mmmMMwm&mmco nmmt^ y * ahm£a&k 
isn oi-cv-y ^>-s^^^^>y =»^9^— Srjf a 

It 800 — 900 *C"CRJS£ii:5 - ^ J; t) >" y =» > 

^F#fi4b y — y> £ ^ 6 e r <d is y 3 y - * t*» 1 

K/SiF 1 0 T^JS $ -frT 1 0 1 " — 1 0 a 0 cm" J ^itiBSfO 

ngs*fb# y HIS«I5 D 

[0 0 2 1 ] <» 3 coSHft(753f!5«>JB 3 »te»tttt\ iff 

a«cd P sffii ^mmi±o)mit^ y ^ A^ig^ 
£ ^ai'&wsrfleffl it 800-900 °c-e»s 

^-li'^r ^(cj: <9 , Z n^cD^M#jy-x^ft/5 o -co 

z n»605F#B«iy— ^-cffliB^ 1 mmmmx-mm^n 

AIS^HV P E8IWE£f 1 4 PnfRJ&SltXffifc 

[0022] < » 4 (rmmoy&m > xse tti 1 - 3 n 

* y !> a«<e>j&S: t BMbWIift^Xg <t & 2 - 3 [h]# {9 W 50 
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ffi^Sft^fy ■>^¥J*i&K4E^ft!5ft*'i5feSria4 a -ID 4 
e ^felLT^TCW^o S*irLTlH4 a 

(0001) t7r^rlfi4 0^rX5/|! 
4rt(D^iry°^ 1 6l^fitJ*5o 
f-^r^T^Ktt-b-lr^ 1 6co±S^b3 5 0 
- 5 0 0 M mSaco^lBSr^ri-S J: 5 !-1"5 D 
h 1 5 y r> i, (G a ) ^rA^U 1 3 " ^rplgp 

LT^JSKJSf 1 4 rtCQie?MM*fi<30i»iSS: 1 1 3 o°ct 
L, ait^^tTV^-^T^TMitf 3 — 2 0 
^Sffi 4 0 ^«®^SiJ^^T 5 o - 60«ffi«L3lB#WJ3i s 

(0 0 0 1) t^TWSLA 0 ^rj^ffl Ltv^/5\ ft 

[0023] &\,^x\ in 4 b j: 5 1-, mvmm& 

Xi- 1 0 3 0°C^^^-^6 05^H4 0 — 8 0 ju rnCOi?^ 

tciUJccoa^y 1 £r/£«£^5 0 r.coi?j^co^ 

-fb^y ^i^^g4 1 coi¥^fl^7r-r 7SK4 oof 

-Cfc5 0 0»Jx_^ + >77^7tt4 0Of^^3 5 0,u 

t7r^f7ifi4 o«ttr*3fe< Sft^y ^i4i*t 
tiC^<^«ftids^b Ltifc^' y 2 aji 4 1^7*^ 

co«^S3£i:5fc«>, XS^««5^sjHtL<*5 0 t7 7 
-f 7SS 4 0 tDjw S * s 1 5 0 — 2 0 0 ju ^-fb^ y 

^7 4 J. CDJ? * 4 0 — 5 0 n mSS t *C 5 £>tf*#f S 

[ 0 0 2 4] JH*P<© ct 9 i-, S^fb^ y ^ ^ CO a iOfer 
J&Wife 3 . 18 9 A-C* v ) , (0 0 0 1) -9-7 r 4 ~T<T> 
a tb<Ofe? 7tmn 4 . 7 5 8 A "Cfc v ) , ^b^f ^^^) 

HWCaBfilSc^ 5 . 59x10" k 1 r*fc 9 , t7 7 ^7 

-ES 4 0 CDjftHlB3KfllS5cf* 7 . 5 X 1 0 15 K 1 'Cfc6 0 tS 
oT, (0 0 0 1) t77^7SfiS:*fflf5 tcSR LT 

Al(c(it77-i'7lft4 0 £:-|£LJ; 5 ^1"5Etffij^ 
^f/j^^L, t7 7 -i'7S^tT|j:ij^y ^Aco 

t7 7 ^7li^v^ ^^7^ J: 5 
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[0025] mktfy !>A^fifcfiSr»x.fcs, ?&*pnf^ 

L T £ £ 5 JRjfofc Id J; o T A-m Lfc^7^ # It Ki" 

77^ rii swa^tf y a® 4 i * 

mikfjv £ajjs& s i o 3 ot^sta^e) 2 0 o°c 

*3B*?&aiSff*± 3 € C/min-e&-5^, **MiJBJi8<JO»3fi 

ft ?fr*PiSj£ &r 1 0 D C/min tt5W rt* # * L V \ £ 7 s> * 
ic: J:otfttf;t7r -f TMmt, co±m^m 

l/minKl**n£ii:ftfiJ:l\, ^?t^t, *7r>f7S 

[0026] t7r^rSS4 0 tfflb^y 20 

'>-t-5^t^ae>*LS. f77-f7Sfi4 0(t 
(R^fiS^^a-efcSo »i*ffc;tfy r >Aii4 l^-y- 

Ajf4 1 &Mi%t LXmm LTH4 d^T^i-J: 0 
<nmttf!) 9Aii4 2Srj«SS*Sc dco£#, Sft^o 
SlUttfS 2 0 0°C/j^3 1 0 3 0°C— J: 9 na*^ 

y -f^^^Sfc^^jKSr 2 1 /mini: 4 5 J: 9 (ci~^ 0 d 30 
5 U-Cfi8ft5£SFS:f3ctr 1 0 0~ 2 0 0 /z m/h r IdJfilJ 
*?J 3 - 5 Hf^GOPfl 2 &CO»b* y r> Ajf 4 2 S-fig 

ft Sit 6 0 teiWt l - 2 H#BB cow JEK*a£flE Sr#*J 2 

0 11 m/h r £TF(dffi< UT-^S t*ffi^lpfflftdS±8Jp 

fb# y r > AJt<Dff $ ftfa 3 0 0-6 0 0//mtft5 o d 
co*. i^)IS«<!rHC 1 ^/7;«^pfirrL, ft 
*Pj&K£ 3°C/min«t LTfi*^ 5 0 Ot^T^Sf.t'N 

[0 0 2 7 ] C©«t5i-, 2Jk«3DS^y 9J*m<oi&& 
fl, »J:ott77^7tt4 0^^c|»*Sn 
/:SllWy^|4 l SrKffii: L"Cfl6ffl-e#, « 
»t77-f7 KtE wttffl Id J: 5 — ^ d ^ fc? * V &r$l 
5Ct^S a Lfc^oT, 2^c0^ft^y 9 Ag 4 

r«**ifficr)* J K}&s*L<«^i-5„ d<oj; ?(dj«-j|£ 

AI 4 1 £ 1^7 r -f 71S 4 0 i C0^^*4>«^ff fojn 50 
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^«|S2mmC0|*|fl|-eeiBff*^ d;ft>{dj; 5 lcm 3 COJa 

^0^7*^ a*— spff-r 5 a>t\ d co £ 9 &^>r * a ^ 

A/14 2<z>^<b*5»fc#y 9A^a|#:^jftft(D«ffi 

¥W£%m&%fctf><Dh<Dx&>%* tu, iterate 
[002s] ±m<D£ 0 {cLxm^^nf^mt^ v 9 a 

RD (double crystal X-ray diffraction) £:8Jj£ bfc Q 
m 5 ttffi*W*-ffi-Cj***^fc^t;^y 9 A (G a N) 
Xt6<B»fr"C-fc 13 , Hi 6 fi*«Mco*SfeT?ric**^:fc^ 
/U^a^y»?A (GaN) <D»-fr^tt*-e&5 0 ©E^ 

co^xt (is) co-^^fi (0002) tr— #mvtfi<o 
(1) «IiII^ei. 35° Tfe6i:ffJ 

^^nfco s^^«^«^o^b^y -7A[Eitff^^i 

7. 3° -efe^COtdJ:t-<T, [Hl^^M^bfc*]©!-^ 

Jffi^A td J: o xniJf ^ /J^ii^n Lfc Q co xitftcD* 

«'I (FWHM ; Full Width at Half Maximum) tt—JK 

[0029] *llijfe?gjieco*S-CfiK*$^jfc^t; 

y/y^A (GaN) ({16) ^!5i:[W3« 

II ( 1 ) ttH 5 CO 1 . 3 5° {dJrt-<T 0 . 2 3° «b L 

o . 3 3 t LTfSSecDKflf J: t) fcftfitt^^ffi^ffi] 
[0 0 3 0] < |? 5 coHJEco^lB > ±ffico^ 4 USEflgJi 

COg^tt^^L, 0. 5-2X10'Vcm' 3 C0^t!i 
SB* S:» 5^ilit*#5 /J 5 > )3f M<n * ~y y 

o&j&tF i 4 r^i td v- y ^ >-*v y =i Srff 

A L , ^ill ^ ^ Sf ^ * ^ Jft* fflPT8 0 0~ 

9 0 0 D C^ixiS^"U-5o dH4ri^^d\ ^l^ffi^ffiir 

S B ^coK^ ^*fi»iftiecoWS5« 1 o 1 8 ~ 1 0 J ° c m" 3 
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[0031] < m 6 (ommmm >bq mimmn. m 

p n p f€ <d p WHS. v ^ ft#e«t4S« 4- Sfc^co^co -c 
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(54) PRODUCTION OF GALLIUM NITRIDE SEMICONDUCTOR SINGLE CRYSTAL SUBSTRATE AND GALLIUM NITRIDE DIODE 
PRODUCED BY USING THE SUBSTRATE 

(5 7) Abstract: g 

PROBLEM TO BE SOLVED: To provide a process for producing a gallium nitride single j ^~xa 

crystal substrate having low crystal defect density and a large size sufficient for the 1 : 

production of an optical element in short steps. 

SOLUTION: The objective mirror-polished gallium nitride substrate having a prescribed 
thickness is produced by pretreating an oxide substrate 30, growing gallium nitride on 
the oxide substrate to form a primary gallium nitride layer 31 having a definite 
thickness, polishing the oxide substrate having the grown primary gallium layer to 
remove a part of the oxide substrate, growing a secondary gallium nitride layer 32 on 
the primary gallium nitride layer, again polishing and removing the oxide substrate, 
growing a gallium nitride layer 33 having a prescribed thickness on the primary and 
secondary gallium nitride layers completely free from the oxide substrate and finally 
polishing the obtained bulk single crystal of the gallium nitride semiconductor. 
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